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KLJK SHUIRUPDQFH OLTXLG FKURPDWRJUDSK\ +3/& HQ]\PH±OLQNHG LPPXQRVRUEHQW DVVD\ (/,6$
UDGLRLPPXQRDVVD\ 5,$ VXUIDFH SODVPRQ UHVRQDQFH 635 HOHFWURFKHPLFDO LPSHGDQFH (,6 DQG
LPPXQRFKURPDWRJUDSKLF VWULS WHVW 7KHVH WHFKQRORJLHV KDYH ERWK PHULWV DQG GHPHULWV ,Q RUGHU WR FKHFN WKH




4&0PHWKRG LV UHGXFLQJ QRLVH OHYHO FDXVHG E\ PHDVXUHPHQW HQYLURQPHQW VXFK DV WHPSHUDWXUH DQG GHQVLW\ RI
VXUURXQGLQJ PHGLD 6LQFH WZLQ VHQVRU UHPRYHV WKHVH HQYLURQPHQWDO LQIOXHQFHV QRLVH OHYHO FDQ EH GHFUHDVHG





ZDV REWDLQHG IURP &D\PDQ &KHPLFDO &RPSDQ\ 0, 86$ 3KRVSKDWH EXIIHU VDOLQH 3%6 S+  VRGLXP







3%6$OO WKH WUHDWPHQWZDV SHUIRUPHG E\ XVLQJ D SUHSDUDWLRQ MLJ$IWHU WKH VXUIDFH SUHSDUDWLRQ4&0 FKLSZDV










3.1. Twin sensor QCM 
7KHEDVLFSULQFLSOHRI4&0VHQVRULVGHSHQGHGRQWKHIUHTXHQF\VKLIWE\DQDO\WHDGVRUEHGRQWKH4&0UHVRQDWRU
7KH DPRXQW RI WKH DQDO\WH DGVRUEHG RQ WKH 4&0 VHQVRU LV SURSRUWLRQDO WR WKH IUHTXHQF\ FKDQJH NQRZQ DV WKH
)LJ  3KRWR RI D VHQVRU FKLS DQG D 4&0 UHVRQDWRU $IWHU




298   Takeshi Ito et al. /  Procedia Engineering  87 ( 2014 )  296 – 299 
6DXHUEUH\ HTXDWLRQ 7KLV HTXDWLRQ LV DSSOLFDEOH WR WKLQ ULJLG DQG XQLIRUP ILOPV ,Q D FDVH RI OLTXLG ORDGLQJ
.DQD]DZD DQG*RUGRQ H[SUHVVHG D UHODWLRQVKLS WR DFFRXQW IRU WKH UHVRQDQW IUHTXHQF\ FKDQJH RI TXDUW] FU\VWDO









3.2. Flow condition and detection of sample 
7KH IORZSURSHUW\ZDVFKDUDFWHUL]HGRQ WKH VHOI±VXFWLRQ IORZV\VWHP:HPRQLWRUHG WKH WLPHRQHPSW\RI WKH
ZHOOFRUUHVSRQGLQJWRWKHVDPSOHYROXPH3%6ZDVLQMHFWHGDVDVDPSOH7KHUHVXOWZDVVKRZQLQ)LJ6XFWLRQ
WLPHLQFUHDVHGOLQHDUO\ZLWKVDPSOHYROXPH7KHGDWDVKRZVWKDWVXFWLRQUDWHZDVFRQVWDQWDQGHVWLPDWHGWREH
P/PLQ7KLV FKDUDFWHULVWLF NHSW WLOO WKHZDVWH WDQNZDV IXOO ,W LV QRWHG WKDW WKH YLVFRVLW\ RI WKH VDPSOH VROXWLRQ




















WUXHDEVRUEHGDPRXQW FRUUHVSRQGLQJ WRDQWLJHQ±DQWLERG\ LQWHUDFWLRQ7KHGHOWD UHSUHVHQWHGDOPRVW ]HUR UHVXOWLQJ
DQWLFUWGLGQRWELQGDQ\WKLQJ:KHQWKHIORZUDWHLQFUHDVHVIUHTXHQF\VKLIWGHFUHDVHG'UDVWLFDOO\IUHTXHQF\FKDQJH
ZDV GXH WR WKH LQFUHDVH RI WKH IORZ UDWH FRUUHVSRQGLQJ WR WKH VDPSOH LQMHFWLRQ DQG YLVFRVLW\ RI WKH VDPSOH
FRUUHVSRQGLQJWRPL[LQJHWKDQRO2QWKHRWKHUKDQGV)LJEVKRZVWKHIUHTXHQF\VKLIWRYHUWLPHZKHQWKHVDPSOH
FRQWDLQLQJ  QJP/ RI FRUWLVROZDV LQMHFWHG VDPSOH FRQWDLQHG QJP/ FRUWLVRO  JP/ RI WUDFHU 7RWDO (W2+
FRQFHQWUDWLRQZDV  YRO )UHTXHQF\ VKLIW RQ WKH &K GHFUHDVHG JUDGXDOO\ VLQFH FRUWLVRO DQG WKH WUDFHU ZHUH
FDSWXUHGZLWKWKHDQWLERG\)UHTXHQF\VKLIWRQWKH&KLQFUHDVHGJUDGXDOO\WKHQUHDFKHGSODWHDX7KLVFKDUDFWHULVWLF
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IRU GXSOLFDWH PHDVXUHPHQWV :H XVHG  P0 JO\FLQH±1D2+ VROXWLRQ IRU WKH UHJHQHUDWLRQ $IWHU WKH GXSOLFDWH
LQMHFWLRQRIUHJHQHUDWLRQVROXWLRQDQG3%6IRUZDVKIUHTXHQF\VKLIWERWKRQWKH&KDQGWKH&KWXUQHGEDFNWRWKH
LQLWLDOVWDWH7KHQIUHTXHQF\VKLIWRIWKHPUHSHDWHGDIWHUWKHVDPSOHLQMHFWLRQDVVKRZQLQ)LJ7KHVHGDWDVKRZ
WKDW WKLV SURSRVHG V\VWHP FDQ EH SHUIRUPHG IRU TXDQWLWDWLYH DQDO\VLV LQ VHTXHQFH 2QH GHWHFWLRQ F\FOH ZDV 
PLQXWHVLQFOXGLQJWKHUHJHQHUDWLRQDQGWKHZDVKLQJVWHSV
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$FNQRZOHGJHPHQWV
$SRUWLRQRI WKLVZRUNZDVVXSSRUWHGE\7KH0LQLVWU\RI(GXFDWLRQ&XOWXUH6SRUWV6FLHQFHDQG7HFKQRORJ\
0(;7-DSDQ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